Five phenolic compounds, 4-hydroxybenzoic acid methyl ester (1), vanillic acid methyl ester (2), 4-hydroxy benzaldehyde (3), 4-hydroxybenzoic acid (4) and ferulic acid (5), and four flavonoids, 5,5Ј-dihydroxy-4Ј,6,7-trimethoxyflavanone (6), luteolin (7), vitexicarpin (8) and artemetin (9), were isolated from fruits and leaves of Vitex rotundifolia L. The biological activities of these nine compounds have been examined using a bioassay with lettuce seedlings.
Introduction
Tottori sand dune runs about 16 km from east to west and 2 km from north to south and is the largest dune in Japan. The vegetation of Tottori sand dune consists of 12 species of trees and shrubs, 10 species of annual and biennial herbs, and 12 species of perennial herbs (Fujiki et al., 2001) . Vitex rotundifolia L. (Verbenaceae), a rapidly spreading shrub, is widely distributed at the Asian and Oceanian coast. This Vitex can be found on Tottori sand dune and dominates over this semi-fixed dune the forming of extensive colonies (Fujiki et al., 2001) . Its fruit is used as a folk medicine for headaches (Ono et al., 1997 (Ono et al., , 2002 . VR-I (10-o-vanilloyl aucubin) a component of this fruit was found to show strong antioxidative activity (Okuyama et al., 1995) . However, plant growth and allelopathic activities of the chemical constituents of this plant have not been previously studied. In the course of our search for plant growth regulators from plant material suitable for developing new herbicides and suitable for the study of chemical ecology, we found the presence of plant growth regulators in fruit and leaf using a bioassay method with lettuce seedlings. In this report, we describe the isolation, structural identification and biological activities of the active compounds. 
Materials and Methods

General
The IR spectra were recorded on a JASCO FT IR-7000 spectrophotometer. The 1 H and 13 C NMR spectra were recorded with a JEOL JNM-ESP 500 NMR spectrometer at 500 and 125 MHz, respectively. Vanillic acid, quercetin and fisetin were purchased from Wako Pure Chemical Industry, Osaka, Japan.
Plant material
Fresh leaves and fruits of Vitex rotundifolia L., growing wild on Tottori sand dune, were collected in September and November 2001 and dried at room temperature.
Extraction and isolation of compounds
Dried fruits of V. rotundifolia L. (5 kg) were extracted with MeOH (15 l) at room temperature and the solvent was removed under reduced pressure to afford a brown syrup. This syrup was redissolved in water and adjusted to pH 2.0 with 2 n HCl, before being extracted twice with EtOAc. The EtOAc-soluble acidic phases were combined and partitioned twice between a saturated sodium hydrogen carbonate solution. The EtOAc-soluble neutral phases were combined, and concentrated in vacuo. The resulting residue (12 g) was first fractionated by column chromatography on silica gel (n-hexane/EtOAc). 1) Fraction 4 (482 mg), obtained by elution with 30% EtOAc, was further purified by preparative TLC (n-hexane/EtOAc, 7:3, v/v) developing three times to afford 15 mg of 1 and 20 mg of 2.
2) Fraction 5 (1019 mg), obtained by elution with 40% EtOAc, was chromatographed on a silica gel column (n-hexane/EtOAc). Fraction 3 (680 mg), obtained by elution with 30% EtOAc, was further chromatographed on a silica gel column (CHCl 3 /MeOH). Fraction 1 (312 mg), obtained by elution with CHCl 3 , was purified by preparative TLC (CHCl 3 /MeOH, 98:2, v/v) and the solid was recrystallized from acetone/n-hexane to afford 11 mg of 6. Fraction 3 (17 mg), obtained by elution with 2% MeOH, was purified by preparative TLC (CHCl 3 /MeOH, 99:1, v/v) and the solid was recrystallized from EtOAc/n-hexane to afford 6 mg of 3. Fraction 4 (17 mg), obtained by elution with 40% EtOAc, was purified by preparative TLC (n-hexane/acetone, 1:1, v/v) and the solid was recrystallized from EtOAc/n-hexane to afford 10 mg of 4.
3) Fraction 7 (1.2 g), obtained by elution with 60% EtOAc, was chromatographed on a silica gel column (n-hexane/EtOAc). Fraction 3 (371 mg), obtained by elution with 50% EtOAc, was purified by preparative TLC (CHCl 3 /MeOH, 95:5, v/v). One solid was recrystallized from EtOAc to afford 23 mg of 7, and another solid was recrystallized from acetone/n-hexane to afford 18 mg of 8.
On the other hand, the EtOAc-soluble neutral phase from dried leaves of V. rotundifolia L. (7 kg) was prepared by the procedure mentioned above, and concentrated in vacuo. The resulting residue (67 g) was first fractionated by column chromatography on silica gel (n-hexane/EtOAc). 4) Fraction 5 (2.1 g), obtained by elution with 40% EtOAc, was chromatographed on a silica gel column (CHCl 3 /MeOH). Fraction 3 (300 mg), obtained by elution with 2% MeOH, was further chromatographed on a silica gel column (n-hexane/acetone, 3:2, v/v) and the solid was recrystallized from EtOAc/n-hexane to afford 92 mg of 5. 5) Fraction 6 (2.8 g), obtained by elution with 50% EtOAc, was chromatographed on a silica gel column (n-hexane/EtOAc, 3:2, v/v). Fractions 15Ð 29 (870 mg) were further chromatographed on a LH-20 column eluted with MeOH. Fractions 6Ð 13 (380 mg) were recrystallized from acetone/nhexane to afford 227 mg of 8. Mother liquor of 8 was purified by preparative TLC (CHCl 3 /MeOH, 99:1, v/v) and the solid was recrystallized from MeOH to afford 10 mg of 9.
4-Hydroxybenzoic acid methyl ester ( Vitexicarpin ( Artemetin ( (11) and fisetin (13) 11 (5 mg) was methylated with ethereal diazomethane (1 ml) and MeOH (0.5 ml) for 24 h at room temperature. Purification by preparative TLC in CHCl 3 /MeOH (96:4, v/v) afforded quercetin tetramethyl ether (12) (3.7 mg).
Methylation of quercetin
Quercetin (11) 13 (5 mg) was methylated with ethereal diazomethane (1 ml) and MeOH (0.5 ml) for 24 h at room temperature. Purification by preparative TLC in CHCl 3 /MeOH (96:4, v/v) afforded fisetin tetramethyl ether (14) (3.8 mg).
Fisetin ( 
Hz, 1H).
Bioassay with lettuce seedlings
Lettuce seeds (Lactuca sativa cv. Kingcisco) were purchased from Takii Nursery, Kyoto, Japan and sown in a Petri dish (150 mm ¥ 25 mm) lined with a filter paper containing deionized water. After one day under light at 24 ∞C, seedlings were selected for uniformity (radicles; 2 mm) and transferred into a mini-Petri dish (35 mm ¥ 15 mm) lined with a filter paper containing 1 ml of deionized water and a defined amount of the test compound. The Petri dishes were kept at 24 ∞C for 4 d under continuous light (100 µE/m 2 s). Hypocotyls and roots of untreated seedlings grew at the rate of about 1 mm and 4 mm a day, respectively. The length of the hypocotyls and roots treated with the compounds was measured and the mean value of the length was compared with an untreated control (Kimura et al., 2002) .
Results and Discussion
The EtOAc-soluble neutral fraction (12 g) from the MeOH extract of dried fruits (5 kg) of Vitex rotundifolia L. was purified by silica gel column chromatography and preparative TLC to afford seven known compounds four of which were phenolic compounds (compounds 1, 2, 3, and 4) and three were flavonoids (compounds 6, 7, and 8). Similarly, the EtOAc-soluble neutral fraction (67 g) of the MeOH extract of the dried leaves (7 kg) was purified by silica gel and Sephadex LH20 column chromatography and preparative TLC to afford three known compounds one of which was a phenolic compound (compound 5) and two were flavonoids (compounds 8 and 9). Compound 8 was isolated from both fruits and leaves, but compounds 1, 2, 3, 4, 6, and 7 were isolated from fruits and compounds 5 and 9 were isolated from leaves.
Compounds 1, 2, 3, 4 and 5 were identified as 4-hydroxybenzoic acid methyl ester, vanillic acid methyl ester, 4-hydroxy benzaldehyde, 4-hydroxybenzoic acid and ferulic acid, respectively, comparing the physicochemical properties with those reported ( Fig. 1) (Pouchert and Behnke, 1993; Pouchert, 1993) . Compounds 6, 7, 8 and 9 were identified as 5, 5Ј-dihydroxy-4Ј,6,7-trimethoxyflavanone, luteolin, vitexicarpin and artemetin, respectively, comparing the physicochemical properties with those reported (Fig. 1) (Ono et al., 2002) .
Plant growth activities of 1Ð9 together with vanillic acid (10), quercetin (11), quercetin tetramethyl ether (12), fisetin (13) and fisetin tetramethyl ether (14) were examined using a bioassay with lettuce seedlings (Table I ). All compounds showed no effect on hypocotyl elongation at a concentration of 10 Ð3 m. 1, 2 and 3 showed no effect on root growth at a concentration of 10 Ð3 m, but 4, 5 and 10 inhibited the root growth to 34%, 43% and 29% of control at the same concentration, respectively. 1 and 2, which are the methyl esters of 4 and 10, respectively, showed less inhibitory activities than 4 and 10. These results suggest that the methylation of the carboxy group in the molecule of phenolic acids reduces the inhibitory activity against root growth. 7, 8 and 9 accelerated the root growth to 134%, 195% and 184% of control at a concentration of 10 Ð3 m, respectively, but 6 did not show any accelerating effect on the growth at the same concentration. 12 and 14 accelerated the root growth to 138% and 169% of control at a concentration of 10 Ð3 m, respectively, but 11 and 13 did not show any accelerating effect on growth at the same concentration. 8 and 9 showed higher accelerating activity than 7. Similarly, 12 and 14 showed higher accelerating activity than 11 and 13, respectively. These results suggest that the methylation of the hydroxy group in the Table I . Effects of phenolic compounds (1Ð5 and 10) and flavonoids (6Ð9 and 11Ð14) on the root growth of lettuce seedlings. Values are the means ð SD of three assays. Fig. 1 . Structures of 4-hydroxybenzoic acid methyl ester (1), vanillic acid methyl ester (2), 4-hydroxy benzaldehyde (3), 4-hydroxybenzoic acid (4), ferulic acid (5), 5,5Ј-dihydroxy-4Ј,6,7-trimethoxyflavanone (6), luteolin (7), vitexicarpin (8), artemetin (9), vanillic acid (10), quercetin (11), quercetin tetramethyl ether (12), fisetin (13), and fisetin tetramethyl ether (14). Compounds 10Ð14 were not isolated from fruit and leaf of Vitex rotundifolia but included for comparison.
flavone skeleton produced the accelerating activity against root growth. Methylation of the chemical constituents of V. rotundifolia L. might play an important role in the survival of the fittest in the sand dune, since phenolic acids and flavonoids are known to act as allelochemicals (Correa et al., 2000; Wu et al., 2001 Wu et al., , 2002 .
